Summary. Many studies have shown high carbohydrate, high fibre diets to benefit diabetic control, the improvement being attributed mainly to an effect of fibre. This study investigated the possible beneficial effects of the digestible carbohydrate component. A diet rich in carbohydrate was compared with a traditional low carbohydrate diet in 10 Type 2 (non-insulin-dependent) diabetic patients, using a crossover design; both diets contained < 20 g dietary fibre/day. During 24-h metabolic profiles carried out after 4 weeks on each diet, the mean basal plasma glucose (mean of 03.00, 05.00 and 07.00 h values) was 5.3 mmol/l on the high carbohydrate diet and 5.9 retool/1 on the low carbohydrate diet (p < 0.05), despite the 2-h postprandial glucose (mean of three main meals) being higher on the high carbohydrate diet than on the low carbohydrate diet (8.7 versus 7.3 mmol/1, p < 0.01). Overall diabetic control was the same throughout the study, as judged by a mean 24-h plasma glucose of 6.7 mmol/1 on the high carbohydrate and 6.6 retool/1 on the low carbohydrate diet, and haemoglobin Alc percentage of 8.3 on both diets. Mean cholesterol was 4.55 mmol/1 on both diets and fasting plasma triglyceride was 2.83 mmol/l on the high carbohydrate and 2.55 mmol/1 on the low carbohydrate diet (p = NS). These results indicate that a diet rich in carbohydrate, but restricted in fibre, does not cause overall deterioration of diabetic control or lipid metabolism in stable Type 2 diabetic patients, and suggest that digestible carbohydrate has an effect on basal blood glucose independent of fibre.
A high carbohydrate, high fibre intake improves blood glucose control in both Type 1 (insulin-dependent) [1] [2] [3] and Type 2 (non-insulin-dependent) [3, 4] diabetic patients. Delayed absorption [5, 6] , alteration of gut hormones [7] and an effect on insulin receptors [8] have all been suggested as mechanisms. Several studies have demonstrated an improvement in some aspect of diabetic control when fibre intake was increased but digestible carbohydrate content held constant [2, 5, 9, 10] . One study, using a liquid formula diet, showed significant reduction of fasting glucose levels when carbohydrate intake was increased [11] . No study, however, has distinguished between the effects of fibre and those of digestible carbohydrate. We have given a diet rich in digestible carbohydrate but low in fibre to a group of Type 2 diabetic patients, to determine whether carbohydrate has an effect on blood glucose separate from that of fibre.
Patients and Methods

Patients
Ten Type 2 diabetic patients (aged 45-68 years, mean 58 years), were recruited from the Diabetic Clinic, Oxford. Three patients had mild background retinopathy on fundoscopy, but none had proliferative changes. Plasma urea and creatinine levels were within normal limits in all subjects. Evidence of neuropathy was limited to loss of ankle vibration sense and ankle deep tendon reflexes. Eight were on sulphonylurea drugs (four on glibenclamide, three on chlorpropamide and one on tolbutamide) and two were treated by diet alone. Mean duration of diabetes was 6 years (range 1-15 years). Mean percentage of ideal body weight was 119% (range 98%-148%). There were eight males and two females. All had a plasma glucose > 10 mmol/l when they first developed diabetes. Informed consent to participation in the study was obtained from all subjects.
Diets
The control diet was a standard diabetic diet, similar to that still consumed by most patients with Type 2 diabetes throughout the UK. Approximately 35% of calories were taken as carbohydrate, mainly in complex form, 45% as fat and 20% as protein (Table 1) . Mean total dietary fibre intake of the ten patients was 14.3 g/24 h.
The high carbohydrate diet comprised 60% of total calories as carbohydrate, again with simple sugars restricted, the remainder being 20% as fat and 20% as protein. Despite the high intake of complex carbohydrate, mean fibre intake was still only 16.8 g/24 h. This was achieved by giving much of the carbohydrate as white bread.
Experimental Design
For at least 2 weeks, overall control of the patients was studied and any appropriate changes made to their treatment. When control was 0012-186X/82/0023/0235/$01.00 judged to be as good as possible, they were randomised to start either the high or low carbohydrate diet. After 4 weeks, all were admitted to hospital for a 24-h metabolic profile, during which blood samples were taken through an indwelling forearm cannula at approximately hourly intervals for measurement of plasma glucose and insulin. Samples were taken ten times during the profile to measure plasma total cholesterol and lip 9 fractions and plasma triglycerides. A fasting sample was taken for percentage of glycosylated haemoglobin (HbAlc) estimation. Patients were then discharged home to start the alternative diet, and readmitted 4 weeks later for a second similar profile. Corresponding meals during the two profiles were is 9 and taken at the Details of the diets used in this study can be obtained from the authors on request 
.4 NS
Results expressed as mean + SD; NS = not significant aMean of 03.00, 05.00, 07.00 h samples; bMean of samples 2 h after each main meal; CDifference between pre-prandial and 2 h postprandial (mean of three values); dTime-averaged mean for 2 h after each main meal (mean of three values); eTime-averaged mean value for whole 24 h same times. Patients were seen by an experienced dietitian (SL) at the start of the study for detailed explanation of the diets, and then at least fortnightly for discussion of problems and to check their weight. Further details of the protocol and 24-h profiles are given elsewhere [3] .
Laboratory Methods
Plasma glucoses were estimated by a glucose oxidase method (Boehringer, Mannheim, GOD-Perid) and insulin by radioimmunoassay using charcoal adsorption [12] . Coefficient of variation for this assay was 17%, with a sensitivity of 2.5 mU/1. Plasma total cholesterol was measured by the Liebermann-Burchard method [13] , and lip 9 fractions by precipitation techniques [14] . Plasma triglycerides were measured by enzymatic hydrolysis [15] and HBAlc percentage estimated by an is 9 focussing technique [16] , the normal range for this laboratory being 5%-8%, and coefficient of variation for the assay 9%. Statistics were analysed by Student's paired t-test, the insulin and triglyceride data having been log-transformed.
Results
The mean plasma glucoses during the two profiles are shown in Figure 1 . These were analysed in various ways ( Table 2 ). The 2-h post-prandial glucose (mean of samples taken 2 h after each main meal) was 8.7 ram 9 on the high carbohydrate diet and 7.3 ram 9 on the low carbohydrate diet (p < 0.01). Mean incremental glucose (mean for the three meals of the difference between preprandial and 2-h post-prandial values) was 2.8 mmol/1 on the high carbohydrate and 1.4 mmol/1 on the low carbohydrate diet (p < 0.001). The time-averaged mean glucose value for the whole 2 h after each meal (mean of three meals) was 8.1 mmol/1 on the high carbohydrate and 7.3 mmol/l on the low carbohydrate diet (p < 0.02). Post-prandial glycaemia was thus significantly greater on the high carbohydrate diet, when assessed in various ways. By contrast, the mean basal plasma glucose (mean of samples at 03.00, 05.00 and 07.00 h) was 5.3 retool/1 on the high carbohydrate and 5.9 mmol/l on the low carbohydrate diet (p < 0.05). Time-averaged mean plasma (Fig. 2) Mean plasma total cholesterol levels (Table 3) were not significantly different at any of the ten time points at which samples were obtained, fasting levels being iden-tical at 4.55 mmol/1. Low density lipoprotein (LDL) and very low density lipoprotein (VLDL) fractions were also similar. High density lipoprotein (HDL) cholesterol was higher on the low carbohydrate diet, time-averaged mean value for the 24 h being 1.06 mmol/1 on the high carbohydrate and 1.20 mmol/1 on the low carbohydrate diet (p < 0.05). The fasting HDL/LDL ratio was also significantly higher on the low carbohydrate diet, but the mean HDL/LDL ratio for the whole 24 h was not significantly different on the two diets. Mean fasting plasma triglyceride levels (Fig. 3) were 2.83 mmol/1 on the high carbohydrate and 2.55 mmol/1 on the low carbohydrate diet (NS) and the mean values over the 24 h were 3.25 and 2.97 mmol/1 respectively (NS). Four of the ten patients were found to have Type IV hyperlipoproteinaemia.
HbAlc was 8.3% on both diets. Mean body weights were 76.8 kg on the high carbohydrate and 77.0 kg on the low carbohydrate diet (NS). Drug therapy was not changed in any patient throughout the study.
Discussion
Carbohydrate restriction is still advised in the majority of diabetic clinics in the UK [17] , but there is no clear evidence that this leads to improved carbohydrate tolerance unless total calories are also restricted. For example, one study [18] showed that six out of nine obese Type 2 diabetic patients achieved significant improvement of carbohydrate tolerance according to predefined criteria while on a low carbohydrate, weight-reducing diet, but only three out of 26 non-obese patients improved on the same diet. Diets rich in carbohydrate and fibre, however, have been shown to benefit Type 1 [1] [2] [3] and Type 2 [3, 4, 19] diabetic patients, without the need for calorie restriction. The mechanisms involved have not been fully elucidated but certain types of fibre have been shown to reduce post-prandial glycaemia [9, 20] , and reduce the rate of carbohydrate absorption [6, 20, 21] . Furthermore, one crossover study [10] , comparing two diets with identical amounts of carbohydrate, fat and protein but differing in fibre content, showed clear reduction of glucose levels throughout the day on the high fibre diet, but no reduction of fasting levels. By contrast, Brunzell et al. [11] showed that the fasting glucose levels of treated diabetic patients were lower on an 85% carbohydrate diet than on one containing 45% of total calories in carbohydrate form; this was despite all the carbohydrate being supplied as simple sugars, and neither diet containing any fibre at all.
These results suggest two separate mechanisms for fibre and digestible carbohydrate, the former affecting post-prandial glycaemia, and the latter altering basal glucose levels. The present study provides support for this suggestion. The control diet was low in both carbohydrate and fibre, and the test diet was rich in digestible carbohydrate but low in fibre, total calories remaining the same. Thus, any differences between them must be due to the different carbohydrate (or possibly fat) content, and not the fibre. The most important finding is the small but statistically significant reduction in basal plasma glucose on the high carbohydrate diet. Although by itself of little clinical significance, this finding suggests that digestible carbohydrate does indeed have an effect independent of fibre. Basal plasma insulins did not rise on the high carbohydrate diet, suggesting that increased insulin sensitivity might explain this finding, possibly by an effect on insulin receptors [22] . Not surprisingly, plasma glucose levels were higher after meals on the high carbohydrate diet, but despite this average glucose levels throughout the 24 h and HbAlc percentages were almost identical on the two diets.
Despite the substantial differences in the amount of carbohydrate of the two diets, the only clear effects on lipid metabolism were the higher absolute HDL level and the higher fasting HDL/LDL ratio on the low carbohydrate diet. Rivellese et al. [2] found HDL levels to be higher in diabetics after 10 days on a low carbohydrate diet than after a similar period on a high carbohydrate, high fibre diet; HDL/LDL ratios were not measured. One study [3] showed a higher mean HDL/LDL ratio in Type 2 diabetic patients on a high carbohydrate, high fibre diet than on a low carbohydrate diet; Type 1 diabetic patients, however, had higher absolute levels of HDL on the low carbohydrate diet, although the HDL/LDL ratio was the same on the two diets. Results are therefore conflicting and further investigation is needed. There were no significant differences in the plasma triglyceride levels at any time during the 24 h, despite four of the patients having Type IV hyperlipoproteinaemia.
The primary aim of this study was to discover whether the digestible component contributes to the overall improvement in diabetic control which is achieved by a high carbohydrate, high fibre diet. There is no evidence that dietary fibre, when given on its own, can influence fasting glucose levels, and the present findings endorse our earlier conclusions that an optimal diabetic diet should be rich in both dietary fibre and digestible carbohydrate. In all our studies to date the carbohydrate has been mainly in complex form, and we cannot therefore comment on the consequences of including simple sugars in the diabetic diet. Furthermore, all our patients have been well controlled at the start of the study, so these results may not apply to newly diagnosed and poorly controlled diabetic patients. Any advice concerning the recommended composition of a diabetic diet must always be coupled to the reminder that in the overweight patient calorie restriction remains the most important dietary goal.
